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Introduction: Various surgical procedures require that one or several of the structures of the 
ribcage are either resected or removed in order to gain access to the chest cavity or anterior 
spine. Previous studies have shown that the sternum and ribs play a significant role in 
providing stiffness to the thoracolumbar spine, however, the relative contribution of the ribs 
and intercostal soft tissue connections has not been individually isolated.  
 
Aim: This pilot study sought to investigate the biomechanical role of three key structural 
components of the ribcage – the sternum, ribs and intercostal soft tissues – to determine 
their influence on spinal motion, segmental motion and spinal stiffness. 
 
Methods: An osseoligamentous thoracolumbar spine, including intact ribcage, was 
harvested from a merino sheep immediately following euthanasia. A six-degree-of-freedom 
robotic testing facility applied rotational loading to simulate physiological motion about the 
three anatomical axes (Flexion = 29°, Extension = 27°, Left lateral bending = 42°, Right axial 
rotation = 27°). The spine was tested in four stages of dissection – i) Intact, ii) intercostals 
severed bilaterally (NoInterC), iii) sternum fractured (NoStern), and iv) ribcage resected 
leaving 50mm rib head (NoRibs). The lowermost vertebral body was potted in dental acrylic 
and rotational motion applied to the uppermost thoracic vertebrae via the tool point of a 
robotic arm. Reaction forces and moments were recorded at the base of the specimen (JR3, 
Woodland, USA). Using these data and the position of the robotic arm, the rotational stiffness 
of the spine was calculated at each stage of dissection. Intervertebral rotation (IVR) between 
spinal levels was measured using a motion capture system (Optotrak, Norther Digital Inc., 
Canada).  
 
Results: The moment-rotation response for all loading conditions was nonlinear and the 
peak rotational stiffness (from 85-100% rotational displacement) decreased between each 
stage of dissection for all motions. The peak stiffness relative to the Intact condition for the 
NoInterC, NoStern and NoRibs conditions, decreased to; 60%, 38% and 17% during axial 
rotation; 32%, 30% and 20% during lateral bending; 94%, 87% and 53% during flexion; and 
71%, 62% and 34% during extension.  
 
For the Intact condition, the IVRs in the thoracic spine were lower than for the lumbar spine. 
With each stage of ribcage dissection, the thoracic IVRs increased to the highest value in the 
NoRibs condition (up to 5x increase in IVR for lateral bending). Conversely, the IVRs in the 
lumbar segments decreased.  
  
Conclusion: The ribcage plays a significant biomechanical role during rotation of the spine. 
The intercostal connections contribute as much as 48% of this stiffness in axial rotation and 
80% in lateral bending. Disruption to the mechanical integrity of these tissues, through 
surgical interventions or injury, may adversely influence the ability of the spine to resist loads 
experienced during torso motion.  
 
 
 
